Abstract: Finnish regions increased their exports in special industries from 1999 to 2013. This internationalization of industries in regions is measured by the adjusted Balassa's revealed comparative advantage index. It has been shown that innovation potential has not increased, even though R&D drives specialization and leads to an increase in exports and an improvement in trade balance. The growth of other intangible capital, such as organizational capital (management and marketing capital) and information and communication technology (ICT), has concentrated in the greater Helsinki area, but products and services are also targeted to domestic markets and depend on imports rather than promoting exports. The physical capital investment among the physical intensive firms has substituted imports rather than affecting exports. In a small open economy such as Finland's, all these trends, together with foreign firms not being more export-oriented than domestic firms, call for a new industrial policy to promote R&D on a wide scale and continue regional specialization, thereby maintaining competitiveness and export growth.
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PUBLIC INTEREST STATEMENT
Finland is knowledge intensive economy. Research and Development (R&D) is major driver of specialization of industries and exports. The growth of other intangible capital like organizational capital (management and marketing capital) and information and communication technology (ICT) has concentrated in greater Helsinki area, but products and services are also targeted to domestic markets and depend on imports. However, public incentives to support R&D should not be targeted only to the few very R&D intensive firms, as the R&D innovations have been productive on wider scale in all industries within the 20 regions considered. In a small open economy like Finland all these trends together with foreign firms not being more export oriented than domestic firms call for new industrial policy to promote R&D at wide scale and to continue regional specialization and thereby to maintain competitiveness and export growth.
Introduction
The Finnish economy is small and highly open, with exports accounting for over 40% of GDP. The type of innovative activity has come to differ considerably among geographic areas as regions have specialized. The knowledge may also spill over from surrounding regions, and there are interactions between private-and public-sector Research and Development (R&D). Large firms should have a greater necessity to export, as the domestic market is small and limits growth.
This study analyzes whether the knowledge investment, as measured by a broad range of intangible capital (IC) investments, has increased and how this and other factors have affected regional exports with specialization. In EU policy, such a research question is often referred to as smart specialization, which aims to boost growth in Europe by enabling each region to identify and develop its own competitive advantages (EU, 2017; McCann & Ortega-Argilés, 2015) . Smart specialization objects are not necessarily supported by Feenstra et al. (1999) and Feenstra and Rose (2000) suggesting that trade openness has led to higher export variety in products. However, Feenstra and Kee (2007) show that the higher export variety of large countries such as China may reduce the export variety of smaller countries such as Mexico in their exports to the U.S. Small open economies or regions within countries may hence have to specialize in certain exports. Regional specialization may also increase national product variety in a small country such as Finland, where exports are otherwise concentrated in only a few industries.
Broad IC includes R&D, organizational capital (OC) and ICT, which are aggregated from firm level to Finnish Nuts III regions. Henderson, Kuncoro, and Turner (1995) and Duranton and Puga (2001) compared new and mature industries, showing that mature industries may benefit more from the localization externalities that were generated in more specialized cities or regions. Much of the R&D is concentrated in large and mature industries, and so smart specialization is desired. OC (management and marketing capital) and ICT-intensive firms provide their products and services in domestic and foreign markets and may instead benefit from large industry diversity available in urban areas; see Jane Jacobs (1969) and Glaeser, Kallal, Scheinkman, and Schleifer (1992) . These Jacobs' externalities have also led to the diversity of exports. Henderson et al. (1995) also find that new (high-tech) industries entered diversified cities where Jacobs' externalities were available.
We focus on three regions: Ostrobothnia (Pohjanmaa), Etelä-Pohjanmaa (a neighbor to Ostrobothnia) and Uusimaa. Ostrobothnia on the west coast of Finland is an example of a region with exports that rely on manufacturing, with few large MNEs responsible for a very large share of the exports. Without the five largest exporters, Ostrobothnia would be less international in exports that the neighboring region Etelä-Pohjanmaa, with its long tradition of small business and food manufacturing. Uusimaa comprises the greater Helsinki area, which is the only metropolitan region in Finland. Most market services, with the majority of ICT services, are located there. All regions thus have a potentially different composition of industries active in exports. The study is of high policy relevance. Funding from Business Finland (former National Technology Agency, Tekes) has been radically cut, so public R&D has decreased in recent years since 2009. Finnish public funding for research, development and innovation was 0.87% of GDP in 2016, down from 1.05 to 1.1% in 2006-2010 . At the same time, there have been no substantial cuts in subsidies to corporations aiming to support (other) regional development. In , R&D decreased by 3.9% per year in [2008] [2009] [2010] [2011] [2012] [2013] in Finland, while growth was zero on average in other EU27 countries.
Knowledge may also accumulate through foreign direct investment, measured here by foreign ownership. Using OECD Trade and Competitiveness Statistics, Nadim (2017) shows that in Finland as a whole, foreign value added was approximately 35% of all value added in exports in 2009. The share is approximately the same in Sweden and Denmark (see Table A .1). Exports by foreign MNEs also create an additional gross operating surplus through services and income flows (divided, between gross operating surplus and labor compensation; see Figure A .1). The total effect of this on domestic value added of exports is 13% in Finland and 20% in Sweden. Figure A.2 in Nadim (2017) shows exports and value-added by type of firm in Nordic countries in 2013, where value added includes indirect export flows via MNEs. An important difference when comparing Finland and Sweden is that Swedish gross exports are dominated by foreign-owned MNEs. Sweden has clearly been the focus of foreign activity, as these MNEs produce 45% of all gross exports. The respective share in Finland is 25%.
Exports are necessary to improve external trade balance and also relate to productivity growth. Growth accounting is useful for analyzing how exports relate not only to improved productivity but also directly to the knowledge capital. Structural reforms are also important and the different growth components of the regional GDP are also further divided into common growth of physical and IC and the creative destruction (CD) component driven by changes in factor input reallocation. Part of the relevant knowledge growth is specific to a certain region and shapes the innovation activities there. Foreign activity is also analyzed because foreign multinationals (MNEs) can be an important source of knowledge in addition to measurable R&D activities. Along with foreign MNEs, universities and public research institutes are also important (Feldman and Florida (1994) , Fritsch and Slavtchev (2011), Fritsch (2000) , Fritsch and Slavtchev (2005) . Regional specialization of exports is measured with the Balassa-index by Balassa (1965) . Common growth in knowledge within a region is likely to lead to a more permanent increase in export specialization and export growth than that driven by CD if the latter is more temporary in character.
R&D is underrepresented in services that typically have separate plans where R&D is undertaken. This analysis follows Piekkola (2016) and uses occupational information on R&D workers. IC is derived from innovation work using the Innodrive methodology from the FP7 project Innodrive in Görzig, Piekkola, and Riley (2010) and Piekkola et al. (2011) . IC type workers with a technical education are considered to contribute to R&D. IC workers also include OC workers who perform management and marketing work and ICT workers. The data here rely on Statistics Finland corporate data of Finnish firms linked to employees' occupational data.
This study shows that R&D activity increases both specialization in exports and export share of regional GDP. Ostrobothnia is potentially a good example of a region that can boost exports in the future, and employment in manufacturing and market services have also continued to grow after the financial crisis. However, innovation investments have been equally sluggish, as they have overall in Finland on average since 2000. The general shift to skill-intensive companies in the service sector in the greater Helsinki area (part of Uusimaa) has not improved trade balance, as these firms rely on imports.
The remainder of the paper is organized as follows. Section 2 reviews the relevant literature. Section 3 describes the data. Section 4 describes the methods for the composition of relative export and import shares and growth accounting. The RCA (Balassa)-index introduced by Balassa (1965) evaluates the export shares of each industry at the Nuts III level relative to the average across Finland. Section 5 analyzes regional trade openness. Section 6 exercises growth accounting for labor productivity and GDP growth before analyzing the determinants of industry-region specific export and import shares and regional specialization in trade. Finally, Section 7 presents the study's conclusions.
Literature review on exports and intangibles
Firm-level studies have found that innovation activity improves export performance, rather than vice versa (Wagner, 2012) . Exports are closely related to imports and some intangibles, such as OC, related here to management and marketing work, and ICT, related here to ICT occupations, also rely substantially on intermediate inputs such as software and knowledge that are imported. R&D is imported for exports in a number of papers (Gourlay & Seaton, 2004; Harris & Li, 2008; . Innovation output indicators, such as product and/or process innovations or patents, are found to positively affect export intensity and/or the probability of firms becoming exporters (Caldera, 2010; Ganotakis & Love, 2010; Lachenmaier & Wößmann, 2006; Rodríguez & Rodríguez, 2005; Van Beveren & Vandenbussche, 2010) . A broad set of intangibles has been studied very minimally thus far, although many researchers identify the organizational or firm-specific human and structural resources such as ICT as the largest subcategory of intangible investments (Bloom & Van Reenen, 2010; Piekkola, 2016; Van Ark et al., 2009) .
A broad view of IC is required, especially in services. Lodefalk (2014) finds that both in-house service activity and service imports in manufacturing are important for Swedish exports. Musolesi and Huiban (2010) find knowledge-intensive business services to be as innovative as manufacturing in R&D and patent activity, and with a strong and positive influence on productivity. Much of the service activities require organizational and ICT capital purchased from IC-producing services, which were measured using Eurostat input-output data by . Drenkovska and Redek (2015) find that intellectual capital increases exports in Slovenia and not in other, more inwardoriented Balkan countries. This paper capitalizes on these various in-house IC investments to analyze the long-term benefits and follows the methodology by Piekkola (2016) . IC can be expected to have important regional spillovers, and this paper integrates these benefits by analyzing export levels at the regional level. Fritsch and Slavtchev (2005) analyze knowledge sources at the regional level in Germany: R&D employment, size of public research institutions by field of research (budget), amount of university external research funds from private firms, public departments, German Science Foundation (DFG), and other sources. The contributions of these knowledge sources are tested systematically at the level of German districts (Kreise). One main finding is that the quality of university research makes some contribution to regional innovation, while the mere size of the universities is unimportant. They also find indications of benefits stemming from industry diversity. Therefore, both the Marshall-Arrow-Romer and Jacobs' externalities may play some role. D'Agostino, Laursen, and Santangelo (2013) find that high-income regions would have a comparative advantage in high-tech R&D, while emerging economies would have an advantage in medium/low R&D. Altomonte, Aquilante, Békés and Ottaviano (2013) , among others, show that in the long term internationalization is driven by innovations, and large and more productive firms are the primary drivers of internationalization. Lee (2011) , using a sample of 71 countries since 1970, shows that economies have tended to grow more rapidly when they have increasingly specialized in exporting high-technology goods as opposed to traditional or low-technology goods. In line with Kaldor's (1966) Keynesian-oriented framework, endogenous growth models also allow for the role for foreign trade in domestic growth. In those models, exports open up opportunities for increased specialization, which in turn leads to higher productivity.
Data
This study amends the export and smart specialization literature by including ICs in a broad sense as important determinants for innovation and export performance and specialization. In addition, manufacturing and market services are both covered. R&D, OC and ICT are determined by innovation occupations. A major advantage of this is that the various ICs do not overlap, as each occupation is by definition engaged only in one type of innovation activity. Formal survey-based R&D work overlaps with ICT activities, as statistical offices in practice often proxy database and software expenditures with related ICT and R&D work expenses. The linked employer-employee data (LEED) consist of Statistics Finland firm-level financial account data linked with employee data on incomes and occupations from 1999-2013 divided into three periods: 2000-2004, 2005-2009, and 2010-2013. 1 The data encompass private-sector firms, and IC relies on the measurement of innovative jobs from the occupational data of workers with tertiary education in Finland. The full sample data cover over 80,000 firms per year in Finland and 213,030 firm-year observations for the 1995-2013 period. Employment in firms is on average between 11 and 5000 employees so that the smallest firms are dropped. Non-consolidated firm data on profits, value added, and tangible capital intensity are used.
The dataset linked with financial data is representative of manufacturing (NACE C), other production (NACE D, E) and market services (G, H, I, J, L, M, N), excluding financial services (K). Incorporating market services in the analysis is especially valuable as regards IC-producing services (J, L, M). Many technology firms in telecommunication J and business services M were initially parts of manufacturing firms. These firms are also in the industries with double the R&D per employee compared to that of manufacturing. The data include a rich set of variables that cover compensation, education, and profession. White-collar employees are salaried, whereas blue-collar workers, who comprise half of all employed workers, receive an hourly wage; however, annual earnings are used for the analysis. The employee data in the sample cover an average of 700,000 employees annually in 1999-2013.
Occupations follow the International Standard Classification of Occupations (http://www.ilo.org/ public/english/bureau/stat/isco/). Piekkola (2016) applies a similar method using occupational data from the Federation of Finnish Employers with a functional classification (e.g., management, research, development, computer, and marketing, combined with a skill level of at least "expert"). Most of the occupations within the top three major groups (Managers, Professionals and Technicians and Associate Professionals) using Isco08 three-digit level are assumed to be engaged in IC activities that contribute to the accumulation of knowhow within the firm. IC workers are divided into OC workers related to management and marketing, R&D workers, and ICT workers. Workers with Isco08 only available at two-digit level are switched to (i) being ICT workers in certain IC occupations if their educational field (isced2011) is computing, (ii) R&D workers to being OC workers if their education field code is Social Sciences and Business and (iii) OC workers to being R&D workers if their educational field is technical.
Not all working time, however, goes to investment activities (neither do all IC workers do innovative work). The share of IC-type work spent on producing IC is assumed to be 20% for OC workers, 35% for R&D workers and 50% for ICT. The rest of the time goes to maintaining current activities and hence should not be considered as investment. IC-type work after these shares is 16% of all three areas (OC 5.5% + R&D 7% + ICT 3.5%)
The belief is that R&D, OC and ICT work is augmented with related physical capital and intermediate inputs to create a measure of related IC investment. The proportions of labor costs, physical capital and intermediate inputs are assumed to be the same within each firm prevailing in the respective IC-producing services (J for ICT, M72 for R&D and M for OC). For example, the ratio of physical capital investment and intermediate inputs for OC work is the same as prevails in the OCproducing business services (M). The shares used follow the FP7 project Innodrive in Görzig et al. (2010) and Piekkola (2016) , as assumed to be the case in European IC-producing industries. The factor multipliers employed account for the use of capital and intermediate inputs and are 1.76 for organizational wage expenses, 1.55 for R&D wage expenses, and 1.48 for ICT wage expenses. The combined multiplier is the product of the share of work effort devoted to IC production and the factor multiplier, which is 0.35 for OC, 1.1 for R&D and 0.7 for ICT. Intangible investment of type IC = OC, R&D, ICT is thus annual wage expenditures of type IC = OC, R&D multiplied by the respective combined multipliers. These figures are the same as in Piekkola (2016) except they are twice as low for OC. The analysis uses value added that includes intangible investment in R&D, OC and ICT. These are not accounted for in the value added in balance sheet statistics because these items are evaluated here.
Measurement of relative export and import shares and growth accounting
The RCA (Balassa)-index obtained in RCA analysis evaluates the export shares of each industry at the Nuts-III level relative to the average across Finland. The analysis also includes persistence analysis of the competitive positions, i.e., how the export shares have changed over time. Data cover all firms in the Ostrobothnia regions (excluding microfirms) from 1995 to 2013, a sample consisting of approximately 2600 firms per year and their exports that are positive in approximately 500 firms. The methodologies used to examine the stability of trade patterns are briefly outlined here; see also Laursen (2015) , Dalum, Laursen, and Verspagen (1999) and Cantwell (1989) . The RCA index is given by
where the numerator represents the percentage share of a given two-digit industry j export in region k's total exports. The denominator represents the percentage share of sector j exports of all exports in Finland. RCA receives the value of one if the export share of industry i in region exports is the same as its share for Finland as a whole. The index is not symmetric around one because it cannot receive negative values, i.e., it ranges from zero to 1 if the region is less than other regions specialized in the given sector. RCA in regression analysis would give more weight to specialized sectors, where the value can range from 1 to infinity. Laursen (2015) suggests a symmetric RCA through a transformation:
This symmetric RSCA index is used in analyzing persistence and specialization trends of RSCA using first the following regression equation across regions:
The superscript t refers to time period, and α j and β j are coefficients where the latter measures the stability of a region's specialization pattern over time. A high β j indicates a high degree of stability, but if β j is not significantly different from 1, then the export share remains unchanged. β j =R, where R is the sample correlation coefficient between the observed outcomes and the observed predictor values, measures whether the level of specialization has gone up or down between the two periods. If β j =R > 1, specialization has increased; if β j =R < 1, then specialization has decreased.
Development is first analyzed in 4-5-year periods since 1999 in three Nuts-III regions, Ostrobothnia, Etelä-Pohjanmaa and Uusimaa, before moving to use regressions over all 20 regions to explain specialization and export and import shares.
A growth accounting framework characterizes the existing contributions of IC to labor productivity growth; see also . The GDP per employment growth is divided into its components: growth in tangible capital per employment and growth in IC per employment. These components are further divided into those driven by a common trend and the CD between firms in the regions. Labor productivity growth is thus broken down into the growth contribution of tangible capital and IC (all per employment, H t ), and multifactor productivity growth MFP t (residual) (see Corrado et al. (2014) for details regarding this method). The breakdowns by Diewert and Fox (2010) and Hyytinen and Maliranta (2013) are used to determine the internal or common growth from that driven by CD. The contribution to changes in labor productivity (value added per hours worked) of firm i in industry j and region k (subscripts j and k are suppressed here) can be broken down as follows:
VA t is the value added in year t, including all capital investments in the industry j in region k (where subscripts j and k have been suppressed), X it is the summation over tangible capital K it and IC, IC it ¼ R&D it and OC; ICT it , H it is the hours worked and Δ is the difference operator. s xit ¼ 0:5ðs xit þ s xitÀ1 Þ is the average two-period factor input income share of total value-added capital, with fixed tangible income K as the residual of firm-level factor inputs. RES is the unadjusted residual that is not adjusted to fit income and physical products using a RAS method. 2 RES is used as proxy for total productivity growth TFP after accounting for the reallocation effects in each factor input. The growth accounting applies the user cost of IC that depends on the fixed rate of return of 4% and the depreciation of IC. It should be noted that there is no clear consensus on the depreciation rate of OC and ICT in particular. 3 The difference to Hyytinen and Maliranta (2013) is that CD is analyzed for the aggregate factor input contribution and not for aggregate labor productivity contribution. The focus here is thus more on the supply push than demand push that increase demand for final goods.
In accordance with Diewert and Fox (2010) and Hyytinen and Maliranta (2013) , we have
where ln
Þ is the average two-period industrial value of X it and ln
The first term in (5) denotes the internal change in continuous firms, i.e., the productivity growth within each firm weighted by its value-added share. The term Δ ln X CD t in (5) is the CD element showing the effects that arise from regional share changes, where s xit À s xitÀ1 is the change of variable X shares with respect to the aggregate value added. ln X C t denotes the aggregate value of the factor input in continuing firms. The third and fourth terms denote the part of CD that is explained by exiting firms (denoted by E) and entering firms (denoted by D), where S D xt is the share of variables K, R NEW and R OLD in entering firms of the total value added in period t, and S E xtÀ1 is the equivalent for exiting firms.
CD is typically analyzed in the disaggregation of labor productivity growth into internal growth and changes in the market share of firms with different levels of labor productivity. Here, CD is related to different levels of factor input intensities. CD distinguishes the structural change in the region from trends that are common to all firms in the region. For example, IC-producing services, i.e., the business services industry, have become more important, and GDP has a faster growth than in other industries. CD increases aggregate IC intensity when these industries that are already IC-intensive invest even more in IC than other industries in the region.
Intangibles are divided into R&D and knowledge capital, which depends on organizational and ICT capital (OC and ICT). Analysis drops extreme firm-level values in the CD of each input. 4 These components of GDP growth are then used to evaluate the development of RSCA and trade shares of value added. A priori, higher IC intensity should increase specialization and exports (as shown for R&D) but not necessarily the trade balance (as shown for OC and ICT). The latter is because OCand ICT-intensive firms may require intermediate inputs from foreign IC-producing services. CD of IC increasing labor productivity growth is good for exports if the IC-intensive firms are able to improve their export position more than firms that are less IC-intensive in the region (which is not the case here, at least for R&D).
The panel of 35 two-digit industries in production and market services in Finnish Nuts-III areas in 2000-2013 is in the final stage used in econometric analysis. The explained variable is the log growth of Z = RSCA, TRADE=Y, where RSCA is the adjusted Balassa index and TRADE/Y is the trade share of value added, all separately for exports and imports and their log difference. Explanatory variables include stock variables and their growth accounting CD effects. The common growth component is excluded, as for R&D it is positively correlated (0.67) with the level of R&D. Explaining variables are the tangible and intangible intensities, growth accounting variables, firm size and the share of foreign operations:
where X is tangible and IC variables, Δ ln X CD t
shows how these are interlinked with their CD restructuring effect on labor productivity growth, Z is other controls, such as share of exports by foreign multinationals, total factor productivity growth and average firm size in regions, and ε is residual at the regional level; b 0 , b X and b Z are the respective coefficients. Year dummies are also included to control for cyclical effects. Estimations are performed with random and fixed effects with robust standard errors.
IC intensity, trade openness and specialization in regions
Knowledge drives specialization and their GDP growth contributions can also be sizeable. Squicciarini and Le Mouel (2012) -also as a chapter in a knowledge-based capital study OECD (2013)-and results here suggest that organizational and ICT investment is about double to the approximately 2% of GDP suggested for the U.S. by Corrado, Hulten, and Sichel (2005) . The five largest industries cover 69% of all exports throughout the period, which are, in 2009-2013, paper and pulp (21%), computer, electronic and optimal equipment (19%), machinery (14%), chemicals, petroleum, pharmaceutical, rubber (9%) and other chemical and basic metal industries (9%). The paper and pulp industry imports a relatively small percentage: approximately 2% of all imports. The imports' share of computer, electronic and optimal equipment on all imports decreased from 18.5% in 2000-2005 to 8% in 2010-2013 , thus becoming an import industry in improving external balance. This openness has been in recent decades promoted by knowledge investment both in the currently two largest industries and in new knowledge-intensive business services, which are, however, relatively unimportant both in export and imports (Nace J, M were still less than 1% of all exports or imports in 2010-2013). Table 1 shows summary statistics of the average annual IC investment per employment (L), such as R&D, OC, ICT, tangible capital (K) per labor (L), and the export value-added share and operating profits per labor across Nuts-III regions in Finland.
Our choice of the regions Ostrobothnia, Etelä-Pohjanmaa and Uusimaa reflects the variation in IC intensities. Table 1 above shows that in continental Finnish Nuts-III regions (excluding Ahvenmaa) R&D investment per labor (thousand € per employee) is lowest (2.7-2.8) in Etelä-Pohjanmaa and Kainuu and highest (4.8-4.9) in Uusimaa and Varsinais-Suomi in 2000-2013. OC and ICT intensity have higher variations, from low 2.2-2.3 in Kainuu and Pohjois-Karjala and up to 8.3 in Uusimaa. Ostrobothia is in the upper range in R&D investment per labor (4.7) and in OC and ICT intensity (4.3). OC and ICT intensity is highest in regions with larger cities.
Uusimaa and the Helsinki metropolitan area and other regions with larger cities such as Pirkanmaa (home to Tampere) and Varsinais-Suomi (home to Turku) have average export shares of value added from 43% in Uusimaa to above-average exports shares of 53-54% in Pirkanmaa and Varsinais-Suomi. All these regions are also intensive in R&D. The west-coast regions of KeskiPohjanmaa and Ostrobothnia are open to international trade, with 101% and 84% export shares of value added, respectively, while Etelä-Pohjanmaa has a lower export share or 30%. Business is most profitable in Etelä-Karjala, Varsinais-Suomi and Pohjanmaa, with 16.4%, 14.7%, and 13.0% profit shares of value added, respectively. One can see that Lappi and Keski-Pohjanmaa have relatively high concentrations of export industry, while their average profitability of business is one of the lowest.
The figures above are calculated as aggregates over the region, whereas the average of firm figures is different, as shown in Table A.1. In Ostrobothnia and Etelä-Pohjanmaa, the average firmlevel export share of value-added 3% is around average in Finland (instead of the 84.3% for Ostrobothnia in Table 1 ). Ostrobothnia is characterized by few large MNEs so that the firm average R&D per total labor is 3.4 in Table A .1 instead of 4.6 reported above. The average of firm figures also shows that R&D intensity (thousand € per employee) is approximately 3.5 in Ostrobothnia, which is 35% less than in Uusimaa (5.3) and approximately 4.7-4.9 for both regions (in Table 1 ).
Firm average OC and ICT investment per labor both in Ostrobothnia and Southern Pohjanmaa are approximately 4 and again half less (45%) than in Uusimaa (7.4). The manufacture of machinery and motor vehicles is also nearly twice as prevalent compared to that of Finland as a whole. Rubber and plastic, agricultural exports (fur industry) and electricity have been able to increase their export share noticeably from the level that prevailed 10 years earlier in 2000-2004, and electrical equipment has strengthened its position. Ostrobothnia is thus an example of a highly export-oriented region that is R&D-intensive and with fairly stable employment of approximately 79,000 employees, where employment in manufacturing and market services has not decreased since 2002, as in the Etelä-Pohjanmaa and Uusimaa regions (see later analysis of growth accounting for details).
Uusimaa includes the Helsinki metropolitan area, which explains the leading position in exports in services including IC-producing services. In manufacturing, the export share is above the national average in chemicals, petroleum, pharmacy, computers, electronic and optical equipment and other manufacturing. Exports from head office operations have been over double the national average since 2010. Uusimaa is the only region in Finland with a major metropolis, and Etelä-Pohjanmaa is dominant in food product exports and in textiles, clothing, and leather and wood products, fabricated metal, other transport equipment and furniture. Agricultural production has maintained a strong position and many strong industries in Etelä-Pohjanmaa are based on active SMEs, whereas in Pohjanmaa, exports are dominated more heavily by large industries. Despite the average firm size being small, Etelä-Pohjanmaa is more specialized in exports than is Ostrobothnia. Employment was at 79,000 in 2013, almost the same as that in 2003. Table 2 using (3) shows that the persistence in export specialization and regional specialization in Finland's private sector has increased during the three periods considered. The persistence in export shares in different Nuts-III regions has increased over time from 0.589 in 2000-2004 to 0.737 in 2010-2013. The coefficient divided by R 2 has simultaneously increased so that regional specialization has increased at a rapid rate. It is thus clear that regions have been increasing their exports with a less dispersed set of industries. Similar trends can be observed from import shares.
Growth accounting and regression results
This section first analyzes the components of GDP growth in a growth accounting framework. The idea is to examine how CD in the supply side affects labor productivity growth before analyzing subsequently how these labor productivity components affect industry specialization and growth in exports and imports. As described in equation (5), the determining factors are growth in labor supply and labor productivity, where the latter is divided into growth in tangible capital and IC intensities (divided into R&D and organizational OC and ICT intensities). Table 3 shows the growth accounting results separately for Finland and the Ostrobothnia, Etelä-Pohjanmaa and Uusimaa regions. Growth accounting is examined as average growth in 2000-2013, divided into the same three periods as before. The results imply that in Finland, GDP in the manufacturing and market services sectors has decreased annually by −1%, largely due to the negative annual growth of −2.9% during 2005-2009, which includes the 2008 financial crisis. Employment has decreased by −1.2% per year since the financial crisis during 2010-2013. In Ostrobothnia, annual GDP has instead grown in all periods, and with 1.6% annual GDP growth and 2.6% employment growth during the final period. Employment, on the other hand, decreased in Uusimaa and in Etelä-Pohjanmaa. Hence, in Uusimaa, the increase in overall employment of all industries by 0.9% is concentrated in sectors other than manufacturing and market services, especially in the public sector.
Labor productivity growth in production and market services has been on average negative at −1.2%, including Ostrobothnia at −0.3% per year. The low or negative growth is explained by the deepest financial crisis period from 2005 to 2009, with a −3-4.3% annual decrease in Finland as a whole, as well as in all regions studied. The following columns show the main interest of breaking down labor productivity growth of tangible and IC into the common growth to all firms and to the Table 3 . Growth accounting of GDP growth in production and market services CD, creative destruction. Growth rates for GDP and labor (employee), and labor productivity. Labor productivity growth is broken down into that explained by tangible capital, R&D, OC and ICT intensities, entry, exit and residual (TFP).
CD of each factor input. Note that in the regional analysis, the CD refers to CD within region and not over the entire country.
Common growth in physical capital investments has been sluggish, but CD is notable and contributed to labor productivity growth approximately 3-4% annually in the regions considered. Recall that CD is positive if firms/industries invests more in the factor input, and the firm/industry is already relatively more intensive in the factor inputs than other firms/industries in the region.
Common growth in ICs was negligible in all periods. Piekkola and Åkerholm (2013) found intangible CD had an increased output since 2005 in manufacturing and other private sectors, although common IC growth has been slow since 2000. Here, CD of OC and ICT intensity has been negative for all of Finland, with a −0.3% annual contribution to productivity. CD of R&D has also been negative at −0.4%. The exception is Uusimaa, where CD of ICs contributed 2.8 percentage points to regional productivity growth.
It is also of interest to consider how restructuring in the form of firm entry and exit affects export orientation. Entry and exit includes changes in ownership so that the firm that exits may enter the market the following year with no substantial change in production. It is hence better to analyze the sum of entry and exit effects, as false exits do not disturb these figures. The sum of firm entries and exits improves labor productivity by 0.2% per year and in Etelä-Pohjanmaa, with a relatively higher share of SMEs, by 0.5%-point per year. In Ostrobothnia, large firms dominate and entries and exits have relatively small effects.
The last column shows a strong negative annual total factor productivity growth of −3.9%, up to −7.3% in shows that total factor productivity growth was actually positive throughout Europe from 2008 to 2013 after controlling for the negative growth contribution of intangibles. This study covers relatively more purchased ICs evaluated from intermediate inputs using Eurostat input-output data. Hence, the true decrease in total factor productivity is likely to be smaller if the negative labor productivity contribution of these external ICs had been taken into account.
The regression analysis from (6) evaluates how different components of GDP or labor productivity have transformed into changes in RSCA index. Smart specialization requires the identification of GDP growth factors that also lead to an increased specialization of exports measured using adjusted Balassa-index RSCA from (2). Analysis is performed for RSCA constructed for both exports and imports and their difference. The explanatory variables of the future one period RSCA index change includes the stocks or log level of R&D or OC and ICT and CD growth contribution to regional productivity growth of the respective intangibles. In addition to CD of physical capital and ICs, the other explanatory variables are labor productivity growth effects of new firm entries in the market and total factor productivity growth, average firm size and foreign firms' value-added share in the region.
The Breusch and Pagan Lagrangian multiplier tests in explaining RSCA index for export or export shares show that random effects should be preferred over ordinary least squares. The Hausman test shows that fixed effects should be preferred over random effects. A high R 2 within shows that within variation in regions explains most of the variation in explained variables (high R 2 within relative to R 2 between and relatively high intraclass correlation Rho). Table 4 shows that changes in RCSA indices for export and import are interrelated. Changes in export industry variety also affect the industry variety of capital goods imported. Frensch and Wittich (2009) do indeed find that the effect of the trade-based measure of product variety on productivity also reflects the variety of capital goods and many of which are imported intermediary goods. The final column is a rough measure of net effect, indicating whether the RSCA index effect is greater for exports or imports.
Higher tangible capital intensity increases export and import specialization as measured by RSCA. The concentration of the tangible capital investment into firms that are already intensive in physical capital (CD in supply side)-as is the case in Table 3 -instead decreases import specialization. The common growth in R&D per labor rather than CD from Table 3 would have led to higher export (first row) and import specialization (second row). The level of R&D and growth of R&D are correlated, inclining agglomeration benefits. Henderson et al. (1995) and Duranton and Puga (2001) compared new and mature industries, showing that mature industries as such may benefit more from the localization externalities that were generated in more specialized cities or regions. However, the common growth of R&D per labor in Finnish regions has been sluggish, except for the greater Helsinki area (Uusimaa in Table 3 ).
OC-and ICT-intensive firms benefit from urban diversity and tend rather to specialize in imports. These firms provide their products and services in domestic and foreign markets so that exports diversify in large sets of industries. As seen from growth accounting, many of the R&D or OC and ICT industries that continue to invest in IC are in Uusimaa (and in the greater Helsinki region), but common growth and CD in R&D or in OC and ICT per labor is absent during the period considered. CD of OC and ICT intensity has been the highest in Uusimaa, which has supported import rather than export specialization. This again shows the necessity to be in urban areas with diversified industries. Jacobs' externalities are available so that industries have benefitted from urban diversity and thereby also in diversity of exports; see Jane Jacobs (1969) and Glaeser, Kallal, Scheinkman, and Schleifer (1992) . Henderson et al. (1995) also find that new (high-tech) industries entered diversified cities where Jacobs' externalities were available. High OC and ICT intensity may also correlate positively with good management, as Bloom and Van Reenen (2010) find for U.S. firms. Good management is general IC that can be applied in a highly diversified set of industries.
Regions with a larger average firm size have higher export and import specialization. The importance of few large firms in Ostrobothnian exports thus explains why exports are more specialized than those in Uusimaa but less than those in Etelä-Pohjanmaa; see Table A .2(a,b). Etelä-Pohjanmaa is exceptional because average firm size is one of the smallest (21 employees compared to 52 in Ostrobothnia and 37 in Uusimaa). At the same time, industries have specialized in exports.
One can see that net entries of new firms in the market also led to greater specialization of exports. Neffke et al. (2011) analyze technological relatedness in Sweden and find that regions diversify because of the entry of industries that are technologically related. Exit effect leads to the opposite: withdrawal of industries that are technologically related to other local industries. The net effect of the entry and exit of local industries turned out to be insignificant. Analysis here shows that entry and exit effects are in general weak but tend to lead to restructuring industrial composition in ways leading to a higher specialization in exports than in imports. Lastly, a large share of foreign firms usually increases the variety of imports. The export effects remain ambiguous. Exports also concentrate to certain industries when total factor productivity grows rapidly.
It is of considerable interest to analyze the effect of the same explanatory factors for the magnitude of exports and imports and from the difference affecting trade balance shown in Table 5 . The comparison of Tables 4 and 5 shows that specialization in exports and imports and their value-added share go hand in hand. Those regions that are export-oriented also tend to specialize their export from certain industries. CD in supply side by tangible capital-intensive firms lowers imports (and import specialization), but the trade balance effect remains unclear. It is seen that common growth in R&D has a positive effect on exports and imports in way that improves trade balance. CD of R&D-intensive firms within regions is unimportant, as before.
OC and ICT activity is related more to demand for imports while products are sold both for the domestic market and abroad. Therefore, the effect on trade balance is ambiguous. Thus, the knowledge-intensive firms located especially in Uusimaa do not necessarily improve the trade balance of Finland, as they are highly dependent on imports in their activity. Radzi and Md et al. (2015) instead show ICT to improve exports of Malesian firms. In less developed countries, ICT and quality management help relatively more exports by solving the shortages related to the time delay and cost increment of exports. CD related to OC and ICT is unimportant for exports. In contrast to R&D, it is relatively unimportant whether these ICs accumulate unequally between OCand ICT-incentive or other firms. Hence, the diversified nature of industries in these ICs tells us relatively little about whether or not the region is oriented toward exports.
Regions with a larger average firm size have higher export and import shares and variety, but the trade balance effect remains unclear. Fritsch and Slavtchev (2011) findings in Germany indicate that regions dominated by large establishments tend to be even less efficient than regions with a lower average establishment size. In Finnish regional data, average firm size is uncorrelated to productivity growth, while increasing export propensity. As can be seen from Tables 4 and 5, we find that specialization and higher export and import shares go hand in hand. R&D activity is the only one that unambiguously improves trade balance, and the growth in R&D activity should be broad rather than concentrated in some R&D-intensive firms. Another factor that improved trade specialization was to encourage the birth of new firms measured by net births and deaths. However, the effects on trade balance are insignificant.
In all estimates, negative total factor productivity is the major explanation for low or negative growth in exports and imports after the financial crisis. This outcome has had an ambiguous effect on trade balance. An increase in foreign ownership measured by the share of value added of foreign-owned companies does not affect the trade balance either. The only clear effect is foreign firms having a lower level of import specialization. All except growth accounting variables in logs. * p < 0.05, ** p < 0.01, and *** p < 0.001. Piekkola, Cogent Economics & Finance (2018 ), 6: 1514574 https://doi.org/10.1080 /23322039.2018 Bloom and Van Reenen (2010) and Helpman, Melitz, and Stephen (2004) suggest a pecking order whereby exporting firms are better managed than non-exporters. Our analysis shows that exports would have benefitted from a general trend of Finnish firms becoming more skill-intensive with higher R&D intensity, while at least at the regional level other knowledge such as OC and ICT has an ambiguous effect on exports.
Conclusions
This analysis shows some smart specialization whereby Finnish regions have been increasing their exports in special industries in a consistent manner. Industry variety over the exporting industries has narrowed over time. Similar trends could be observed from import shares. One simple explanation is that Finland is a small open economy that typically must specialize in exports. Thus, the concept of smart specialization promoted by the EU better adapts to a small economy and its regions: firms specialize in order to gain sufficient market share and to be competitive.
Our findings confirm earlier findings, e.g., by , showing that recently IC intensity has not increased, especially among the most IC-intensive firms. A lower level of R&D has led to a decrease in exports and the worsening of trade balance. R&D stocks and growth are also correlated, indicating agglomeration effects. Despite all this, R&D growth should be broad, and increasing the common growth of R&D skills and regions that are not R&D-intensive may increasingly benefit supply-side economies. Smart specialization does not imply that innovation activities should target only a few firms, even though regions specialize in certain industries in exports. Those firms less intensive in IC appear to have higher marginal returns from knowledge, as CD of ICs did not promote exports. This is not to say that R&D and OC and ICT tend to be regional concentrates, but only that common growth of knowledge in the region is better than supporting specialized firms alone.
Physical investment has concentrated on tangible capital-intensive firms with relatively poor export performance. If the tangible capital investment growth had spread equally, leading to common growth in tangible investments, the export industry would also have benefitted from this trend. This result shows that the level of tangible investment is not a good approximation of sufficiently high levels of tangible investment activity if the reallocation effects are away from the export industry.
The regions that have promoted exports and improved their trade balance are those with larger companies relying (at least formerly) on R&D, such as Ostrobothnia, which has a high Balassa's index for exports in electricity, electrical equipment, rubber and plastic, and certain agricultural products. These industries also have noticeably higher gross operating surpluses. The export share of valued added is double that in the Uusimaa region, which includes the metropolitan Helsinki area. GDP growth has been positive during the entire period from 2000 to 2013, and export shares have also been relatively stable during that whole period.
Ostrobothnia is potentially a good example of a region that can boost exports in the future, and employment in manufacturing and market services have also continued to grow after the financial crisis. Such a policy requires some large companies that can survive in international competition and that are IC-intensive both in terms of R&D and in OC and ICT. It is noteworthy that large firms also use subcontractors extensively so that a large share, up to 30% here, of the valued added from exports in Finland is created by these SMEs. However, innovation investments have been equally sluggish, as they have overall in Finland on average since 2000.
Many of these MNEs and other firms are foreign-owned, which as such does not push the firms to be more export-oriented. However, the presence of foreign firms has substituted imports since more is produced locally. The large number of foreign multinationals located in Sweden still appears to be one factor influencing the good economic performance that distinguishes Sweden from other Nordic countries. Finland has lower foreign ownership of exporting firms and a relatively poorer export performance.
Etelä-Pohjanmaa is dominant in food-product exports and some small business in textiles, clothing, and leather and wood products, and transport. The growth potential may be related to foreign direct investment abroad in food products rather than to exporting local products.
Uusimaa and the greater Helsinki area, as a focus of economic activity and innovation potential, have continued to grow following the 2008 financial crisis. Employment in manufacturing and market services, however, has decreased by −2.1% per year since 2003. Hence, all employment growth in Uusimaa has taken place in the public sector or in non-market services. The general shift to skill-intensive companies in the service sector in the greater Helsinki area has improved export performance and trade balance effects, although not so for firms with the highest OC and ICT per labor. Such firms appear to remain orientated to domestic market in their sales.
All these trends call for a new industrial policy to maintain competitiveness and export growth in a small open economy such as Finland's. Increased specialization in special industries such as domestic IC-producing services, without the simultaneous broad support of the innovation activity of all firms, will not improve a country's competitive position in international markets that boost exports.
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